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(57)Abstract: 

PURPOSE: To vary an output of the RF linear power 
amplifier circuit without deterioration in linearity and to 
improve the isolation characteristic in the non-operating 
state. 

CONSTITUTION: An impedance matching circuit 11 is 
interposed in an input or inter-stage of the RF linear 
power amplifier circuit, a voltage variable element Cx is 
interposed in the impedance matching circuit and an 
output of the power amplifier circuit is controlled variably 
by a control voltage Vx applied to the voltage variable 
element Cx. Thus, the input amplitude in a power 
amplifier section is substantially changed by a change in 
a reflection loss due to a change in the SWR and the 
isolation is improved by increasing the SWR in the non- 
operating state. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is applied to RF linear power amplification circuit and RF linear 
power amplification circuit which carries out linear amplification of the radio signal, and outputs it 
further, about an effective technique, is used for which cellular mobile radio communication equipment, 
for example, relates to an effective technique. 
[0002] 

[Description of the Prior Art] In a radio communication equipment and which especially cellular mobile 

radio equipment, in order to avoid unnecessary electric-wave radiation if possible, it is necessary to 

carry out adjustable [ of the transmitted power ] according to a communication link situation. Then, RF 

(RF) linear power amplification circuit which can carry out armature-voltage control of the output is 

demanded (Nikkei Business Publications publication "the Nikkei electronics April 16, 1990 issue 

(no.497) M refer to the 121 pages (an automobile and cellular phone)). 

[0003] Drawing 6 shows RF linear power amplification circuit examined by this inventions. 

[0004] RF linear power amplification circuit shown in this drawing is formed as a hybrid semiconductor 

integrated circuit equipment ******** RF power module, and, for an input-impedance matching circuit 

and 12, the power amplification section and 13 are [ 1 1 / power-source potential of operation and Vx of 

the output-impedance matching circuit 13 and Vdd ] adjustable control voltage. 

[0005] The input-impedance matching circuit 1 1 is formed of the distributed inductance LI which 

consists of fixed capacitative elements CI, C2, and C3 and a stripline, and each circuit constant of C2, 

C3, and LI is set up, respectively in order to adjust the impedance between an external input terminal 

and the power amplification section 12. 

[0006] The power amplification section 12 is the amplifying circuit of the multistage method by MOS 
transistors (MOS mold field-effect transistor) Fl and F2, and carries out linear amplification of the RF 
input signal inputted through the input-impedance matching circuit 11. The magnification output is 
taken out by the output terminal through the output-impedance matching circuit 13. 
[0007] Here, the bias voltage by control voltage Vx is impressed to each gate of MOS transistors Fl and 
F2 which form the power amplification section 12 through resistance Rl and R2, respectively. If it 
carries out adjustable [ of this control voltage Vx ], as shown in (A) of drawing 7 , or (B), the bias point 
of MOS transistors Fl and F2 of operation will change. 

[0008] By showing the gate voltage Vgs of MOS transistors Fl and F2, the characteristic curve of the 
drain current Ids, and magnification actuation, and changing the bias point of operation on this 
characteristic curve with control voltage Vx, drawing 7 can change, as shown in (A) of drawing, or (B), 
the magnitude, i.e., the output, of the output swing to the input amplitude. In the case of this drawing, 
(A) shows the condition at the time of high power, and (B) shows the condition at the time of low-power 
output, respectively. 

[0009] In the circuit shown in drawing 6 as mentioned above, output adjustable control of RF linear 
power amplification circuit by control voltage Vx can be performed now. 
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(0010] 

[Problem(s) to be Solved by the Invention] However, it was shown clearly by this invention persons for 
there to be the following problems in the technique mentioned above. 

[001 1] That is, in RF linear power amplification circuit mentioned above, if the bias point of MOS 
transistors Fl and F2 of operation is lowered to near the gate threshold and it goes in order to lower an 
output as shown in (B) of drawing 7 , the problem that gate voltage Vgs and the linearity between the 
drain currents Ids will get worse rapidly, and an output wave will be distorted greatly will arise. 
[0012] Moreover, in this kind of amplifying circuit, the isolation property during I/O tends to become a 
problem, and the amount of signal leaks to the output from the input especially at the time of un- 
operating poses a problem. 

[0013] The purpose of this invention is to offer the technique in which an improvement of an isolation 
property also makes possible and makes possible collectively the output adjustable in RF linear power 
amplification circuit, without being accompanied by aggravation of linearity. 

[0014] The other purposes and descriptions will become clear from description and the accompanying 

drawing of this specification at said row of this invention. 

[0015] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained 
among invention indicated in this application. 

[0016] That is, while making an impedance matching circuit placed between the inputs or interstage of 
RF linear power amplification circuit, adjustable control of the output of the above-mentioned power 
amplification circuit is carried out with the control voltage which an electrical-potential-difference 
adjustable component is made to intervene in this impedance matching circuit, and is impressed to this 
electrical-potential -difference adjustable component. 
[0017] 

[Function] According to the means mentioned above, by changing the constant of an electrical-potential- 
difference adjustable component with control voltage, kind ****** SWR of the reflected 
wave/progressive wave in an impedance matching circuit can be changed, and the input amplitude in the 
power amplification section can be substantially changed by change of the reflection loss by change of 
this SWR. Again. At the time of un-operating, the amount of signal leaks to an output can be reduced by 
suppressing an input by making SWR high. 

[0018] The purpose that an improvement of an isolation property also makes possible and makes 
possible collectively the output adjustable in RF linear power amplification circuit by this, without being 
accompanied by aggravation of linearity is attained. 
[0019] 

[Example] Hereafter, the suitable example of this invention is explained, referring to a drawing. In 
addition, in drawing, the same sign is taken as the same or the thing which shows a considerable part. 
[0020] Drawing..! shows the 1st example of RF linear power amplification circuit where the technique 
of this invention was applied. 

[0021] RF linear power amplification circuit shown in this drawing is formed as a hybrid semiconductor 
integrated circuit equipment ******** RF power module, and, for an input-impedance matching circuit 
and 12, the power amplification section and 13 are [ 1 1 / power-source potential of operation and Vx of 
the output-impedance matching circuit 13 and Vdd ] adjustable control voltage first. 
[0022] The input-impedance matching circuit 1 1 is pi mold matching circuit formed of the variable 
capacitance diode Cx which are the fixed capacitative elements CI and C2 and an electrical-potential- 
difference adjustable component, and the distributed inductance LI which consists of a stripline, and 
when variable capacitance diode Cx is predetermined capacity value, each circuit constant of C2 and LI 
is set up, respectively that SWR between an input terminal and the power amplification section 12 
should be got blocked if possible with the minimum, and impedance matching should be materialized 
nearly completely. 

[0023] The power amplification section 12 is the amplifying circuit of the multistage method by MOS 
transistors (MOS mold field-effect transistor) Fl and F2, and carries out linear amplification of the RF 
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input signal inputted through the input-impedance matching circuit 1 1 from an external input terminal. 
The magnification output is taken out by the external output terminal through the output-impedance 
matching circuit 13. 

[0024] Control voltage Vx is given to each gate of MOS transistors Fl and F2 which form the power 
amplification section 12 as gate bias voltage through resistance Rl and R2, respectively. With this, the 
control voltage Vx is given to variable capacitance diode Cx as hard flow bias voltage through resistance 
Rl. 

[0025] That is, an adjustable setup of the bias voltage of MOS transistors Fl and F2 and the capacity 
control voltage of variable capacitance diode Cx is carried out together by the common source of control 
voltage Vx. 

[0026] Next, actuation is explained. 

[0027] Drawing 2 is drawing for giving thing explanation from which the output of the impedance 
matching circuit 1 1 changes with control voltage Vx. 

[0028] First, as shown in (A) of this drawing, the capacity value of variable capacitance diode Cx 
changes with control voltage Vx. Change of capacity Cx changes SWR in the impedance matching 
circuit 1 1 which contains the variable capacitance diode Cx as a circuit element with the above- 
mentioned control voltage Vx, as shown in (B) of this drawing. If SWR changes, since the ratio of a 
reflected wave and a progressive wave will change, the output swing of the progressive wave outputted 
from a matching circuit 11, i.e., the input amplitude of preceding paragraph MOS transistor Fl of the 
power amplification section 12, changes. If the input amplitude of the power amplification section 12 
changes, even if the magnification gain of the power amplification section 12 does not change, the 
output swing will change according to change of the input amplitude. 

[0029] Even if drawing..? shows the gate voltage Vgs of MOS transistors Fl and F2, the characteristic 
curve of the drain current Ids, and magnification actuation and does not change the bias point of 
operation on this characteristic curve so much, as shown in (A) of drawing, or (B), it can change a lot by 
changing that input amplitude by SWR in a matching circuit 1 1, the magnitude, i.e., the output, of an 
output swing. 

[0030] Although an adjustable setup of the bias voltage of MOS transistors Fl and F2 and the control 
voltage of variable capacitance diode Cx is carried out together in the circuit of the example shown in 
drawing J. by the common source of control voltage Vx, thereby, the output of the power amplification 
section 12 changes by both the input amplitude change of Fl by SWR, and magnification gain change 
with the bias point of Fl and F2 of operation. In this case, when the bias point of Fl and F2 of operation 
becomes close to a gate threshold and both the magnification gains and input dynamic ranges of the 
power amplification section 12 become small If the circuit constant in a matching circuit 1 1 (C2, LI) is 
beforehand set up so that SWR may become high and the input amplitude of Fl may also become small 
It can carry out adjustable broadly, without carrying out output distortion for the output of the power 
amplification section 12 to it being also at the change width of face of the comparatively small control 
voltage Vx greatly. That is, what is necessary is to set up the fixed circuit constant in a matching circuit 
1 1 (CI, LI) so that SWR may serve as the minimum in [ of operation bias ] that the maximum gain is 
acquired in this case, and just to make it SWR become high as a bias point of operation separates from 
the maximum gain point 

[003 1] While making the impedance matching circuit 1 1 placed between the inputs of RF linear power 
amplification circuit as mentioned above By making variable capacitance diode Cx intervene in this 
impedance matching circuit 1 1, and carrying out adjustable control of the output of the above-mentioned 
power amplification circuit with the control voltage Vx impressed to this variable capacitance diode Cx 
Kind ****** SWR of the reflected wave/progressive wave in the impedance matching circuit 1 1 can be 
changed. The input amplitude in the power amplification section 12 can be substantially changed by 
change of the reflection loss by change of this SWR, and thereby, it can perform broadly the output 
adjustable in RF linear power amplification circuit, without being accompanied by aggravation of 
linearity. 

[0032] Moreover, when an amplifier 12 is made into non-operating state by power off etc., by making 
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control voltage Vx into zero, SWR in a matching circuit 1 1 can be made high, and, thereby, the great 
portion of input can be intercepted as a reflected wave. Thereby, the amount of signal leaks to the output 
from an input in case the power amplification section 12 is non-operating state can be reduced sharply. 
That is, the isolation property of the power amplification section 12 at the time of un-operating is 
improved sharply. 

[0033] Drawing 4 shows the 2nd example of RF linear power amplification circuit where the technique 
of this invention was applied. 

[0034] The attenuator 14 is made to be placed between the input sides of the input-impedance matching 
circuit 1 1 in this 2nd example in addition to the configuration of the 1 st example mentioned above. 
Although this attenuator 14 carries out pi mold connection of the non-inductive resistance (or low 
reactance), by making this attenuator 14 intervene, the reflected wave from the impedance matching 
circuit 1 1 can decline, and change of the impedance which this looked at from the external input 
terminal can be made small. 

[0035] Drawing 5 shows the example which applied RF linear power amplification circuit of this 
invention to mobile wireless radios. 

[0036] the wireless radios shown in this drawing -- ************** 0 f a zone selection method (or eel 
selection method) - it can divide into three, the so-called wireless transmitting section which it is 
constituted as cellular, and the configuration carries out power amplification of the radio signal of 
predetermined frequency, and carries out space propagation, the wireless receive section which receives 
alternatively the radio signal by which space propagation was carried out, and gets over, and the control 
section which controls both actuation. 

[0037] A wireless receive section is constituted by the RF amplifier 21, the frequency-conversion 
section 22, the intermediate frequency amplifier 23, the detection section 24, the recovery section 25, the 
D/A transducer 26, the low frequency amplifier 27, the earphone (loudspeaker) 28, etc., after it does 
AGC magnification of the RF input signal inputted through a splitter 102 from an antenna 101, detects 
and processes [ recovery ] and performs signal regeneration. 

[0038] After the wireless transmitting section is constituted by the baseband unit 32 including functions, 
such as a telephone transmitter (microphone) 31, coding, and a modulation, the frequency conversion 
section (rise barter) 33, RF linear power amplification circuit 34, etc. and encodes [ digital-] and 
processes [ modulation-] the transmission signal from a telephone transmitter 3 1, it is changed and 
amplified to the radio signal of predetermined frequency, and supplies electric power to an antenna 101 
through a splitter 102. 

[0039] A control section is constituted by the console section 44, A/D converter 45, D/A converters 46 
and 47, etc. including the function of the programmable frequency synthesis unit 41 which generates a 
local oscillation frequency, the received field strength detector (RSSI) 42, the logic control unit 43 by 
the microprocessor, a display, and actuation, and performs various control, such as selection of a base 
station based on received field strength. 

[0040] Here, the circuit of this invention as showed RF linear power amplification circuit 34 to drawing 
1 or drawing 4 is used, and an adjustable setup of the power amplification output is carried out at an 
optimum state based on the received field strength detected in the received field strength detector (RSSI) 
42. 

[0041] As mentioned above, although invention made by this invention person was concretely explained 
based on the example, it cannot be overemphasized that it can change variously in the range which this 
invention is not limited to the above-mentioned example, and does not deviate from the summary. 
[0042] For example, you may make it give control voltage Vx only to variable capacitance diode Cx. 
Moreover, an impedance matching circuit may be made to be placed between the interstage of the power 
amplification section 12. 

[0043] Although the above explanation explained the case where invention made by this invention 
person was mainly applied to the wireless transmitting section which is a field of the invention used as 
the background, it is not limited to it and can apply also to the adjustable gain RF amplifying circuit in 
the general application which includes a wire communication paying attention to an isolation property 
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being improved. 
[0044] 

[Effect of the Invention] It will be as follows if the outline of a typical thing is briefly explained among 
invention indicated in this application. 

[0045] That is, the output adjustable in RF linear power amplification circuit is made possible, without 
being accompanied by aggravation of linearity, and the effectiveness that an isolation property is also 
further improvable is acquired. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows th e word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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.* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram showing the 1st example of RF linear power amplification circuit 
where the technique of this invention was applied 

02a!:wU;i?.2:l Drawing for giving thing explanation from which the output of an impedance matching 
circuit changes with control voltage 

[Drawing 3] Drawing showing the gate voltage of an MOS transistor, the characteristic curve of a drain 
current, and magnification actuation 

[Drawing 4] The 2nd example of RF linear power amplification circuit where the technique of this 
invention was applied is shown. 

[Drawing 5] The block diagram showing the example which applied RF linear power amplification 
circuit of this invention to mobile wireless radios 

.[Drawing.6]. The circuit diagram showing the outline of the conventional RF linear power amplification 
circuit 

[Drawing 7] Drawing showing the gate voltage of an MOS transistor, the characteristic curve of a drain 
current, and magnification actuation 
[Description of Notations] 

1 1 Input-Impedance Matching Circuit 

12 Power Amplification Section 

13 Output- Impedance Matching Circuit 13 
Vdd Power-source potential of operation 
Vx Control voltage 

CI, C2 Fixed capacitative element 

Cx Variable capacitance diode as an electrical-potential-difference adjustable component 

LI Distributed inductance LI 

Fl, F2 MOS transistor (field-effect transistor) 

Rl, R2 Resistance 

21 RF Amplifier 

22 Frequency-Conversion Section 

23 Intermediate Frequency Amplifier 

24 Detection Section 

25 Recovery Section 

26 D/A Transducer 

27 Low Frequency Amplifier 

28 Earphone (Loudspeaker) 

101 Antenna 

102 Splitter 

31 Telephone Transmitter (Microphone) 

32 Baseband Unit 
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33 Frequency Conversion Section (Rise Barter) 

34 RF Linear Power Amplification Circuit 

41 Programmable Frequency Synthesis Unit 

42 Received Field Strength Detector (RSSI) 

43 Logic Control Unit 

44 Console Section 

45 A/D Converter 

46 47 D/A converter 



[Translation done.] 
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[0019] 

[ o o 2 o i a i \t*mv>mtffimiitit:RF o- 
T'&hw®®m>& i <msm*n?t. 

[ 0 0 2 1 J HHfcS"TRF v-Tmi)im®wm!& 
^mm®SmW.^m&RFW-*z;*-)\,b L 

ryxm&m. i2umttmu. i3«awwye 

-^yxg£[US&i3. vddiiiM^ssmflu vxii 
[0022] >V-?>X&&m 1 Hi. BJt 

%mm?c i , c 2 . mff»r3^^T'*&ifr^§»^ 

^ * y* l i tc j: o xmrnsmftxh-) 
x. *m®my4*-vcxLjmfecr)®mm(?>bztz. 
x^m^bwimmst i 2 fcoisioswRtfgffifc&s 

[0023]«*ii1g&12«. MOShJV^ 
(MOSSmi^ah^y^'X^) Fl, F2£J:*# 

t-^yxg&0BH lS:^LTA*2iiSs^«7J3 

[0 0 24]fcIffll«EVxli. ffijtRl. R2£:frL 
T. m**lBSl2?r©^SMOSb5y> ; X^F 

i . f 2«o#y- h h • A>r rx«Ei: 
hhkevx«. asmis-fl-tr. ^gsr^*- 

[0025]-P^O. MOSh^yy^Fl, F2<7) 

[ 0 0 2 6 ] act:. IWlsfcovvClHW*. 

[ 0 0 2 7 ] 02li»l«BEVxfc:J:- ? T-f yf-yy 

xi^niKi ioaj**^ft-r^ifciKHitS)tft^)0 

[0028] lilHcD (A) tStJ:^, "f^S 
fi^ ^- KC xo§fiffili$«fflimEVxt: J: 
■Tl.. §*CxA^b-f-|,i: x H0<7) (B) fc^io 
tc. *0"J18IP*^ H C x 5-|l]S«i: LT#tf 

^ytr-yyxs^niBi ltcfeftsswR^ uesj 
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[0029] aSliMOSh^^'X^Fl, F2W 

-h«ev gst kh ^mss 1 d snimmmt mm 

4TX&t:*tUlt'%{£Z#%<Xi>. *o;*Jjfi|g£ 
S^@»l lT?)SWRfc:J:-5T£ft;;*-£&.ri:T\ 0 
<0 (A) 2;t« (B) toiofc. UJ;>jfilg«0*£3-ra: 

[0030] ait^L^ntt^niK-eji, mosh 
^ys^F i . f 2^n*-< Tz.WB.t'5r$m&y4* 

-KCxWfclftSffifctf. fta^WSEVxSifcio 
0 . S^Jtlaai 1 2<0{tJ*»i. SWRfc J: l F 1 ct)A* 

mmzitt f i . f 2 wsff^M rx^fcj: sitt«i*ttt 
^mxizx^xmcztiz. zcot%&^ Fi, F2 
vmvu y l % \mz%.< ^-oxm^m 

m 1 2 Wli®fll#t3«J:tXA*r'f t$7? 

SWR*^<=5r->TF10A*fi 
Hi>/teK*SJ:3t:. S£@BU lrt«&ja£ (C 
2. Ll) £&^*»tat>^LT*JWf, itS»W3:S: 
»iffliSffiVx^g-fk(a-ct,or. vumra i 2<*>tfcij 
Sr. aWjM£±# l£Rllfc»r3W-4£ 

i a &»fl^ r xjax'svtRiffi&t %i£o izms 
mm irt*>@£m85S&<ci, ld^u, 

[0031] &±0)Xoiizix. RFV-TWimffl® 
ti>iz.zcr)4> v-yyxmmn 1 1 rtfcTO?* 

xfcQUD$iiSSa»m£EVxfcJ:o-C±IB€**l@Iil!i8 

£B»1 ltfctt6£»^M?T&0&VXM9>l,SWR 
Sr^ftSitS £0)SWRcD^fcfc:J:SKftr 

mtmrnzx o -cn^nngs? 1 2 x'tDxummimm 
mzmtz-tiztwx'*. ztiizx o . RF'j^rm 

[0032] ii^l2£®KIK££tcJ:D^ 

f^ttS^L7t^±. wmsyxi-eviz-rhzt 

X\ S£0S8l lT<7)SWR5©<t-S^fc^T'? v CI 

titzi VAJjexkmzmmt Lxmmtz> z t #x- 
z h . ztuzx *) % mtimmsi 1 2mmffim<?>t% 
coMifriib^m^v-f&zjMizmtt-rz t# 
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4 y w-^ 3 >mtf*Mizimzti&. 
[0033] m4\i^m<7>mmm^iit:RFv- 

[oo34] z<m2<vmmx\&. i^itim^m 
micom&iztaix. am yt-yyxmsmi 1 

<0A:fcfflfc7»/x*-:M4£:rt-£$-£TfcS. Z0)T 

z-t&ztx. <i >v-y>xm&mi ifrhcoKss 
-yyx<wm&>\^ <-rz>zt &X'% h . 

[0035] @5li*&HJJ*)RF v-7W}im®m 
[0036] Hat*-r*^iM«{iy--ysa?*^ 

famcommttnjim&Lxmsm&zithmm 
^mzivfrimm^zmmizzmLxm 

20 im&ztvx'$&. 

ioo37i*m&mfflt. mffimm®2i. jam. 

3389522. *ffi$».mm23. m^24. 
2 5. D/A^2 6, ffiiaSETyr 2 7 . fc<tt/S 
28^fc'fcr < toTfi!fig$^ T>7~)- 

i o i*^^»si o 2&<fttxAJii$ti&ism®&m 
m^AGcmrnttitk. masxvmsimixm 

[0038]*gt8i*maKi, ^S(^f^D*y) 3 
1 . W5fo&±Xf$mm(mm:$;ts<-Xrt>Y ■ i 

30 ^^32. mmgm (Tv?*-? ) 3 3 . ax 
VRFv-mjjmrnmmsiKt'tzXixffif&zti. 

2IISS3 lA^WiSa^Jrr^^^flr^fctJit^ 

muz®. mma?MMttm&*tfm 

L. ^»Sl0 2^tTTy^-M01^®tS. 

[0039] ®wm±. ^aiiai^a8gc?r4iBtrsTo 

^7Vr^adR^i-«yh4 1. gfl«*^Jg^tb 
(RSSI ) 42, V^^arD-fe-yttiSi^l 

-;HS4 4 % A/D3aag|4 5fc itf D/A^JS4 
40 6. 4 7^ttCj:-5Tfil«S^ 3fim#3S£t«-?< 

[0040] ^^T. RF'J^r«Atg1II5I»34^ 
H 1 *fe»iH4(^Lit i d^JTOHSSA^^ 

*u -e<om^iiifBaj*«. sfi«iHftgf«iaji5]» <rs 

5 I ) 4 2£Tfcai3*t6SfimiHfcgfcS-?VvC. ft 

[0041] jsll. *mmtzx~>x%2titzmi$m 
imizht-JtmmtmwLtetf. *mm±mm 
mzm&.ztin><?>x'ii&<. *<?m%zmtiiti,%\ l M 
50 mxm«$&5flmx't>&ztte^o£X'i>%\,\ 
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[0044] 

[00453 rf v-rwjimm&izm 

imi ] xmxntmtmm r f >j ~7*him 
mmm i mmte^cmim 

[03] MOSh^^X^^-hmffit KH5t 
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[H5] *wmnF v-Tmtf&E®to*mimm 
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